SYNOPSIS Arteriovenous malformations or fistulae shunting arterial blood from branches of the external and internal carotid and vertebral arteries into the transverse-sigmoid sinus may produce different clinical syndromes. The literature is reviewed with 96 patients including six personal cases.
Usually these malformations have a congenital origin and only in 40o of the series was there a previous history of a severe head injury. Clinical groups are defined and the role of angiography assessed. Direct surgical approach with occlusion or removal of the vascular malformation is the treatment of choice. Possible methods of treatment by selective embolization are discussed.
During the past 20 years an interesting condition named intradural arteriovenous malformation (AVM), arteriovenous fistula (AVF), or arteriovenous aneurysm (AVA) of the region of the transverse-sigmoid sinus has been recognized.
According to some reviews (Laine et al., 1963; Verbiest, 1968a, b; Aminoff, 1973) there were a few early observations in the 1930s of such dural vascular malformations sometimes also involving the petrous bone and extracranial soft tissue.
The two cases ofTonnis (1936) from Olivecrona's series and the patient of Rottgen (1937) 436 AVA or angiomas; dural AVM of the tentorium, posterior fossa or sigmoid sinus; tentorial AVM, AVF or communications between middle meningeal artery, occipital artery, or external carotid artery with the transverse sinus.
As has been properly remarked by Houser et al. (1972) , these lesions were rarely identified before 1960 and are emerging now as distinct entities due to the great advances of angiography. These authors also estimate that the various types of dural AVA represent about 10 to 15% of all the intracranial AVA, though they found only 65 cases reported in the literature at the time of their review (Houser et al., 1972) .
A careful revision of the literature has been carried out and 96 cases collected, including six personal observations. (see Appendix Table) .
Four of these have been reported earlier especially from the angiographic point of view (Fernaindez Urdanibia et al., 1974) .
In most of the reported cases of dural or intradural AVM or AVF there is not enough information for an adequate grouping in separate clinical entities. Thus, only some of the collected observations can be considered in the evaluation of certain features.
These AVM or AVF have been related by Aminoff (1973) to the main drainage sinuses. The cases with an anterior and inferior drainage (Takekawa and Holman, 1965; Newton and Greitz, 1966) . The presence of these lesions in small children also favours their congenital III and V 1 I dental and asymptomatic finding during angiographies carried out for other cerebral conditions (Aminoff, 1973; Aminoff and Kendall, 1973) . According to Houser et al. (1972) nearly all these fistulae are direct communications from dural arteries to dural veins or to both dural and pial veins. Aminoff (1973) also emphasizes this direct communication of the arterial branches of the external and internal carotid arteries with dural veins and sinuses. Their higher frequency along the cranial base and tentorial region may perhaps be explained by the delay in the embryological development of the external carotid artery and by the existence at this location of a great number of emissary veins (Takekawa and Holman, 1965; Houser et al., 1972) .
Angiography also visualizes the direct communication between the arteries and venous sinuses without an interposed capillary system (Debrun and Chartres, 1972) . In some cases some interposed and dilated arteriovenous sacs or channels joined the dural arteries to the pial veins (Houser et al., 1972) . Histological study of these dural AVM reveals masses of multiple and tortous venous channels of various sizes (Debrun and Chartres, 1972; Aminoff, 1973) .
Although these AVM usually are entirely dural they may also have a cerebral pial component (Verbiest, 1968a, b ; our case 4) and, as has been properly emphasized by Debrun and Chartres (1972) , unless a direct surgical verifica- tion has been performed it is difficult to state whether involvement of the cerebral vessels through corticomeningeal anastomoses is present.
In the study of two surgical specimens Houser et al. (1972) demonstrated that the AVM drained by pial veins formed a dilated vascular sac lying in the leptomeninges and associated with intracranial haemorrhages. In one of these two cases the haemorrhage extended not only into the subarachnoid and subdural spaces but also into the cerebral parenchyma. These arteriovenous malformations may also extend outside the cranium and Verbiest (1968a) separates the purely intradural AVA of the posterior fossa from those more rare ones that not only involve the dura mater but also the extracranial soft tissues and the petrosal bone.
The association of these dural malformations with other vascular lesions like intracranial arterial aneurysms has also been recorded by Verbiest (1968b) , Houser et al. (1972) , and others.
Other than the congenital origin of the dural AVM aetiological factors like trauma or local inflammatory diseases have also been considered (Aminoff, 1973 (Laine et al., 1963; Nicola and Nizzoli, 1968; Verbiest, 1968; Debrun and Chartres, 1972; Houser et al., 1972; Aminoff, 1973) , mainly because a large number of welldocumented cases are necessary for such grouping of clinical syndromes.
Several factors have to be considered in order to understand the variety of symptoms and signs:
1 (Table 6) .
It may be observed that about one-third of all patients with AVM of the transverse-sigmoid sinus have only subjective symptoms due to the bruit (group I). However, the clinical syndromes more frequently observed in this condition correspond to groups II and III or a combination of both. Altogether they form 4000 of the whole material. Besides the symptoms and signs secondary to increased venous pressure and cerebral ischaemia, in those cases there was a cranial bruit that indicated an AVF or AVM in about half of them. Subarachnoid haemorrhages represent 17% of these vascular malformations, being the first symptom in 13% of the patients (Table 4) . Finally, a much less frequent syndrome is group IV with infantile hydrocephalus and cranial bruit. This was present in only 400 of all recorded patients.
Thus, there are various clinical modes of presentation of these dural arteriovenous malformations that may be confused with other neurological disorders, especially when there is no cranial bruit as a leading symptom and sign.
There were no sex differences in these lesions and the duration of the symptoms was very wide as well as the age of presentation, predominantly between 41 and 60 years (Table 7) .
ANCILLARY EXAMINATIONS
Plain radiographic examination of the skull does not show important changes in most cases (Newton et al., 1968) . However, Aminoff (1973) found significant abnormal signs in a great number of his patients, such as prominent meningeal vascular channels, enlarged foramen spinosum, bony lacunae, and erosions. (Figs 1, 2, and 3) are presented as the other four earlier cases have already been reported (Fernandez Urdanibia et al., 1974) .
TREATMENT
Most authors have observed that occlusion and ligation of some of the afferent arteries may not be sufficient to stop the circulation of these arteriovenous malformations. The extent and multiple afferent blood supply through various channels are adverse factors for the cure or improvement of this condition. Some patients not treated or submitted only to ligature of some vessels in the neck may be improved or do not show progressive changes in their evolution (Table 10) .
The direct surgical approach with occlusion or removal of these malformations has been considered the best form of treatment where this is possible (Laine et al., 1963; Pecker et al., 1965; Debrun and Chartres, 1972; Kosnik et al., 1974) . These direct attempts at removal were mainly carried out in cases with a history of subarachnoid haemorrhage and especially with signs indicating intracranial haematomas (our case 4).
Recently, Hugosson and Bergstrom (1974) have treated successfully some of these dural AVM by making a wide exposure of both the occipital and cerebellar dura mater followed by three long dural incisions along the occipital region to the middle cranial fossa, along the tentorium, and finally along the cerebellar dura mater following the inferior border of the transverse and sigmoid sinuses. With this technique, coagulation and obliteration of all the vascular channels and almost complete isolation of these sinuses may be obtained. Obrador and Urquiza (1951, 1952) Fontaine et al.
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